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APPARATUS AND METHODS FOR EXPANDING 
TUBULARS IN A WELLBORE 

CROSS-REFERENCE TO RELATED APPLICATIONS 

[0001] This application is a Continuation of co-pending U.S. Patent Application Serial 
No. 10/212,304, filed August 5, 2002, which is a Divisional of U.S. Patent Application 
Serial No. 09/828,508 filed on April 6, 2001, now issued U.S. Patent No. 6,578,630 
which issued June 17, 2003, which claims priority to Provisional U.S. Patent 
Application Serial No. 60/202,335, filed on May 5, 2000, and is a Continuation-in-Part 
of U.S. Patent Application Serial No. 09/469,690, filed on December 22, 1999, and is a 
Continuation-in-Part of U.S. Patent Serial No. 09/469,692, filed on December 22, 1999, 
which are hereby incorporated by reference in their entireties. 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0002] The present invention relates to methods and apparatus for use in a wellbore; 
more particularly the invention relates to methods and apparatus for expanding 
tubulars in a wellbore. 

Background of the Related Art 

[0003] The drilling, completion and servicing of hydrocarbon wells requires the use of 
strings of tubulars of various sizes in a wellbore in order to transport tools, provide a 
path for drilling and production fluids and to line the wellbore in order to isolate oil 
bearing formations and provide support to the wellbore. For example, a borehole 
drilled in the earth is typically lined with casing which is inserted into the well and then 
cemented in place. As the well is drilled to a greater depth, smaller diameter strings of 
casing are lowered into the wellbore and attached to the bottom of the previous string 
of casing. Tubulars of an ever-decreasing diameter are placed into a wellbore in a 
sequential order, with each subsequent string necessarily being smaller than the one 
before it. In each instance, a sufficient amount of space must exist in an annular area 
formed between the tubulars in order to facilitate the fixing, hanging and/or sealing of 
one tubular from another or the passage of cement or other fluid through the annulus. 
Typically, when one tubular is hung in a wellbore, a slip assembly is utilized between 
the outside of the smaller tubular and the inner surface of the larger tubular 
therearound. One such assembly includes moveable portions which are driven up 
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cone-shaped members to affix the smaller tubular to the larger tubular in a wedging 
relationship. 

[0004] Increasingly, lateral wellbores are created in wells to more fully or effectively 
access hydrocarbon bearing formations. These lateral wellbores are formed off of a 
vertical wellbore and are directed outwards through the use of a diverter, like a 
whipstock. After the lateral wellbores are formed, they are typically lined with a tubular 
creating a junction between the tubulars lining the vertical and lateral wellbores. The 
junction must be sealed to maintain an independent flow path in and around the 
wellbores. While technologies have effectively provided means for forming and lining 
the lateral wellbore, an effective sealing solution for the junction created at the 
intersection of the vertical and lateral wellbores remains a problem. 

[0005] There is a need, therefore, for apparatus and methods to quickly and easily 
expand a tubular in a wellbore to a given diameter. There is a further need for 
apparatus and methods which permit a tubular of a certain diameter to be inserted into 
a wellbore and to subsequently permit the diameter of that tubular to be expanded in 
the wellbore to maximize the fluid or tool carrying capacity of the tubular or to cause the 
outer surface of the tubular to interfere with the inner surface of a larger tubular 
therearound. There is yet a further need, for methods and apparatus for expanding 
tubulars in a wellbore which permit one tubular to be expanded into a window formed in 
another tubular to create a sealing relationship. There is yet a further need for 
methods and apparatus permitting a tubular to be expanded into an opening in a larger 
tubular therearound to create a sealing relationship. 

SUMMARY OF THE INVENTION 

[0006] The present invention relates to methods and apparatus for expanding tubulars 
in a wellbore. In one aspect of the invention, an expansion tool with hydraulically 
actuated, radially expandable members is disposed on a string of coil tubing. The 
string of coil tubing is inserted into the wellbore from a reel at the surface of the well. In 
addition to providing transportation for the expansion tool into the wellbore, the coil 
tubing provides a source of hydraulic fluid from the surface of the well to actuate the 
expansion tool therebelow. A mud motor disposed on the coil tubing string above the 
expansion tool provides the expansion tool with rotary power. With the expansion tool 
lowered into a wellbore to a predetermined location within a tubular therearound, the 
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expansion tool may be actuated and rotated and some portion of the tubular 
therearound expanded to a larger diameter. 

[0007] In another aspect of the invention, an apparatus includes an expansion tool, a 
tractor and a mud motor disposed on a coiled tubing string. The tractor, with radially 
expandable members actuated by hydraulic fluid from the coiled tubing and rotated by 
the mud motor, propels the apparatus axially in the wellbore while the expansion tool 
expands the tubular therearound through radial force and rotation. In use, the 
apparatus is lowered into the wellbore from the surface of the well to a predetermined 
depth within a tubular therearound. Thereafter, the tractor is actuated by the mud 
motor and provides axial movement of the apparatus while the expansion tool rotates 
and expansion members thereupon are actuated to increase the diameter of a tubular 
therearound. 

[0008] In another aspect of the invention, an apparatus is provided having an electric 
motor, at least one pump and a hydraulic fluid reservoir disposed in a housing with an 
expansion tool disposed therebelow. The apparatus is run into the well on a wireline 
which provides support for the weight of the apparatus and electrical power for the 
components therein. More specifically, the apparatus is lowered into a tubular in a 
wellbore to a predetermined depth. Thereafter, electric power supplied to the motor 
operates the pump to provide pressurized fluid to actuate the expansion tool and a 
shaft extending from the pump provides rotational power to the expansion tool. 

[0009] In another aspect of the invention, the apparatus further includes a tractor run 
into the well on wireline along with the expansion tool and the housing enclosing the 
pump reservoir and motor . The electrical motor operates the pump which provides a 
source of pressurized fluid to the tractor and the expansion tool. Rotational force to the 
expansion tool and tractor is provided by an output shaft from the electric motor. In 
use, the tractor imports axial movement to the apparatus in the wellbore while the 
expansion tool rotates and expandable members thereupon increase the diameter of 
the tubular therearound. 

[0010] In yet another aspect of the invention, an apparatus includes a housing with two 
pumps and an electric motor disposed therein. Disposed above the housing is a 
tractor and disposed below the housing is an expansion tool. The apparatus is run into 
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the wellbore on wireline which provides support for the weight of the apparatus and 
electrical power for the electric motor. In use, the electric motor provides power to an 
upper pump which actuates radially expandable members of the tractor thereby 
imparting axial movement to the apparatus in the wellbore. Additionally, the electric 
motor provides power to a lower pump which actuates the expansion tool therebelow. 
Both the expansion tool and tractor rotate to move the assembly axially in the wellbore 
and expand a longitudinal section of the tubular when desired. 

[0011] In a further aspect of the invention a method is provided using the apparatus of 
the present invention to expand one tubular into a window formed in another tubular to 
effect a substantially sealed junction between a vertical and lateral wellbore. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] So that the manner in which the above recited features, advantages and objects 
of the present invention are attained and can be understood in detail, a more particular 
description of the invention, briefly summarized above, may be had by reference to the 
embodiments thereof which are illustrated in the appended drawings. 

[0013] It is to be noted, however, that the appended drawings illustrate only typical 
embodiments of this invention and are therefore not to be considered limiting of its 
scope, for the invention may admit to other equally effective embodiments. 

[0014] Figure 1 is a partial section view of an apparatus for expanding a tubular in a 
wellbore comprising an expansion tool and a mud motor thereabove, both of which are 
disposed on a string of coil tubing. 

[0015] Figure 2 is a perspective view of an expansion tool of the present invention. 
[0016] Figure 3 is a perspective end view in section thereof. 
[0017] Figure 4 is an exploded view of the expansion tool. 

[0018] Figure 5 is a section view of an apparatus including an expansion tool, a tractor 
disposed thereabove, a mud motor disposed above the tractor and a run-in string of 
coil tubing. 
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[0019] Figure 6 is a section view of an embodiment of the invention including a housing 
having an electrical motor, two pumps and an anchor assembly disposed therein, an 
expansion tool disposed below the housing and wireline used to insert the apparatus 
into a wellbore and to provide electrical power to the apparatus. 

[0020] Figure 7 is a section view of an apparatus of the invention including a housing 
having an electrical motor, a first and second pump and an anchor assembly disposed 
therein and a tractor and expansion tool disposed therebelow. 

[0021] Figure 8 is a section view of an alternative embodiment of the invention 
including a housing having an electrical motor, a first and second pump and an anchor 
assembly disposed therein, an expansion tool disposed below the housing and a 
tractor disposed above the housing. 

[0022] Figure 9 is a section view of a cased vertical wellbore and a lateral wellbore 
whereby a tubular lining the lateral wellbore is expanded into a window formed in the 
casing of the vertical wellbore by an expansion tool with a mud motor thereabove. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

[0023] The present invention provides apparatus and methods for expanding tubulars 
in a wellbore. Figure 1 is a section view illustrating an apparatus 500 according to one 
embodiment of the present invention in a wellbore 302. The apparatus 500 is shown in 
the interior of a tubular 435 and an annular area 436 is formed between the tubular 435 
and the wellbore 302 therearound. At the surface of the well is a wellhead 301 with a 
valve 303 and a spool 305 of coil tubing 430. In the case of a pressurized wellbore, a 
stripper 304 or some other pressure retaining device is used in conjunction with the coil 
tubing string. The apparatus 500 includes an expansion tool 100 disposed at the lower 
end thereof. Figures 2 and 3 are perspective views of the expansion tool 100 and 
Figure 4 is an exploded view thereof. The expansion tool 100 has a body 102 which is 
hollow and generally tubular with connectors 104 and 106 for connection to other 
components (not shown) of a downhole assembly. The connectors 104 and 106 are of 
a reduced diameter (compared to the outside diameter of the longitudinally central 
body part 108 of the tool 100), and together with three longitudinal flutes 110 on the 
central body part 108, allow the passage of fluids between the outside of the tool 100 
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and the interior of a tubular therearound (not shown). The central body part 108 has 
three lands 112 defined between the three flutes 110, each land 112 being formed with 
a respective recess 1 14 to hold a respective roller 116. Each of the recesses 114 has 
parallel sides and extends radially from the radially perforated tubular core 115 of the 
tool 100 to the exterior of the respective land 112. Each of the mutually identical rollers 
116 is near-cylindrical and slightly barreled. Each of the rollers 116 is mounted by 
means of a bearing 118 at each end of the respective roller for rotation about a 
respective rotational axis which is parallel to the longitudinal axis of the tool 100 and 
radially offset therefrom at 120-degree mutual circumferential separations around the 
central body 108. The bearings 118 are formed as integral end members of radially 
slidable pistons 120, one piston 120 being slidably sealed within each radially extended 
recess 114. The inner end of each piston 120 (Figure 3) is exposed to the pressure of 
fluid within the hollow core of the tool 100 by way of the radial perforations in the 
tubular core 115. 

[0024] Referring again to Figure 1, in the apparatus 500 of the present embodiment, 
fluid pressure to actuate the rollers 1 16 of the expansion tool 100 is provided from the 
surface of the well through a coiled tubing string 430. The expander tool 100 of 
apparatus 500 includes at least one aperture 101 at a lower end thereof. Aperture 101 
permits fluid to pass through the apparatus 500 and to circulate back to the surface of 
the well. Disposed above the expansion tool 100 and providing rotational forces 
thereto is a mud motor 425. The structure of the mud motors is well known. The mud 
motor can be a positive displacement Moineau-type device and includes a lobed rotor 
that turns within a lobed stator in response to the flow of fluids under pressure in the 
coiled tubing string 430. The mud motor 425 provides rotational force to rotate the 
expansion tool 100 in the wellbore 302 while the rollers 116 are actuated against an 
inside surface of a tubular 435 therearound. The tubular 435 disposed around the 
apparatus of the present invention could be a piece of production tubing, or liner or 
slotted liner which requires either the expansion of a certain length thereof or at least a 
profile formed in its surface to affix the tubular within an outer tubular or to facilitate use 
with some other downhole tool. In Figure 1, the annulus 436 between the tubular 435 
and the wellbore 302 could be a void or could be filled with non-cured cement. 
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[0025] In use, the apparatus 500 is lowered into the wellbore 302 to a predetermined 
position and thereafter pressurized fluid is provided in the coiled tubing string 430. The 
pressurized fluid passes through the mud motor 425 providing rotational movement to 
an output shaft (not shown) that is connected to the expansion tool 100 to provide 
rotation thereto. In the preferred embodiment, some portion of the fluid is passed 
through an orifice or some other pressure increasing device and into the expansion tool 
100 where the fluid urges the rollers 116 outwards to contact the wall of the tubular 435 
therearound. The expansion tool 100 exerts forces against the wall of a tubular 435 
therearound while rotating and, optionally, moving axially within the wellbore 302. The 
result is a tubular that is expanded past its elastic limits along at least a portion of its 
outside diameter. Gravity and the weight of the components urges the apparatus 500 
downward in the wellbore 302 even as the rollers 116 of the expander tool 100 are 
actuated. Depending upon the requirements of the operator, a fluid path may be left 
between the expanded tubular and the wellbore in order to provide a flow path for 
fluids, including cement. For example, the tubular may be expanded in a spiral fashion 
leaving flute-shaped spaces for the passage of cement or other fluids. 

[0026] Figure 5 is a section view of another embodiment of the invention. In the 
apparatus 550 of Figure 5, a tractor 555 is disposed between the mud motor 425 and 
the expansion tool 100. The purpose of the tractor 555 is to provide axial movement to 
the apparatus 550 in wellbore 302 as the expansion tool 100 is actuated and increases 
the diameter of the tubular 435 therearound. The use of the tractor 555 is most 
advantageous when the apparatus 550 is used in a lateral wellbore or in some other 
circumstance when gravity and the weight of the components is not adequate to cause 
the actuated expansion tool 100 to move downward along the wellbore. The tractor 
555 is also useful in case a specific and predetermined rate of movement of the 
apparatus is required for a particular activity. Additionally, the tractor 555 may be 
necessary if the apparatus 550 is to be used to expand the tubular 435 in a "bottom- 
up" fashion wherein the tractor provides upward movement of the apparatus 550 in the 
wellbore 302. The direction of axial movement of the tractor in the wellbore is 
selectable depending upon the orientation of the tractor when it is installed in 
apparatus 500. In the preferred embodiment, the rotational power to the tractor 555 is 
provided by the mud motor 425 disposed thereabove. Expandable elements 556 on 
the tractor allow it to achieve some degree of traction upon the inner walls of the - 
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tubular therearound. The expandable elements 556 are actuated by fluid pressure 
supplied through the coiled tubing string 430. Preferably, the expandable elements 
556 have a radial travel adequate to contact the wall of a tubular even after the tubular 
has been expanded in diameter by the expansion tool 100. In use, the expansion tool 
100 rotates while the rollers 116 disposed therearound are actuated and the tractor 
555 simultaneously rotates with its actuated expandable elements to provide axial 
movement to the apparatus 550, typically in a downward direction. In use, the 
apparatus 550 is lowered into the wellbore 302 to a predetermined depth and 
thereafter, rollers 116 of the expansion tool 100 and expandable elements 556 of the 
tractor 555 are actuated with fluid pressure provided in the coiled tubing string 430. 
Simultaneously, the fluid in the coiled tubing string 430 operates the mud motor 425 
and rotation is provided to the expansion tool 100 as well as to tractor 555 to propel the 
actuated expansion tool 100 downward in the wellbore 401 . 

[0027] At a lower end of the expansion tool 100 shown in Figures 5 and 6 are a plurality 
of non-compliant rollers constructed and arranged to initially contact and expand a 
tubular prior to contact between the tubular and fluid actuated rollers 116. Unlike the 
compliant, fluid actuated rollers 116, the non-compliant rollers 103 are supported only 
with bearings and they do not change their radial position with respect to the body 
portion of the tool 100. 

[0028] Figure 6 is an alternative embodiment of the invention illustrating an apparatus 
600 with a housing 603 having an electric motor 605 and two pumps 610, 611 
disposed therein and an expansion tool 100 disposed below. The apparatus 600 is run 
into the well on armored wireline 615 which provides support for the weight of the 
apparatus electrical power for the electric motor 605. The electric motor 605 is typically 
a brushless AC motor in a separate, sealed housing. An output shaft (not shown) 
extending from the electric motor 605 is coupled to and rotates an input shaft of pump 
610 which, in turn, provides a source of rotational force to the expansion tool 100 
therebelow. Separately, the electric motor operates the pump 610 which provides 
pressurized fluid to actuate the rollers 116 of the expansion tool 100. A closed 
reservoir (not shown) ensures a source of fluid is available to pumps 61 0, 61 1 . 

[0029] In order to direct rotation to the expansion tool 100 and prevent the housing 603 
from rotating, the apparatus 600 is equipped with an anchor assembly 625 to prevent 
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rotational movement of the housing 603 while allowing the apparatus 600 to move 
axially within the wellbore 302. The anchor assembly 625 is fluid powered by pump 
61 1 which is also operated by the electric motor 605. The anchor assembly includes at 
least two anchoring members 625a, 625b, each equipped with rollers 630. The rollers 
630, when urged against the wall of the tubular 435, permit the apparatus 600 to move 
axially. However, because of their vertical orientation, the rollers 630 provide adequate 
resistance to rotational force, thereby preventing the housing 603 from rotating as the 
pump 610 operates and rotates the expansion tool 100 therebelow. 

[0030] A gearbox 240 is preferably disposed between the output shaft of the electric 
motor 605 and the rotational shaft of the expansion tool 100. The gearbox 240 
functions to provide increased torque to the expansion tool. The pumps 610, 611 are 
preferably axial piston, swash plate-type pumps having axially mounted pistons 
disposed alongside the swash plate. The pumps are designed to alternatively actuate 
the pistons with the rotating swash plate, thereby providing fluid pressure to the 
components. However, either pump 610, 611 could also be a plain reciprocating, gear 
rotor or spur gear-type pump. The upper pump, disposed above the motor 605, 
preferably runs at a higher speed than the lower pump ensuring that the slip assembly 
625 will be actuated and will hold the apparatus 600 in a fixed position relative to the 
tubular 435 before the rollers 116 contact the inside wall of the tubular 435. The 
apparatus 600 will thereby anchor itself against the inside of the tubular 435 to permit 
rotational movement of the expansion tool 1 00 therebelow. 

[0031] Figure 7 is another embodiment of the invention. The apparatus 650 of Figure 7 
is similar to the embodiment illustrated in Figure 6 with the addition of a tractor 555 
disposed between the bottom of the housing 603 and the expansion tool 1 00. The 
components of the apparatus 650 are similarly numbered as those of apparatus 600 in 
Figure 6. The tractor 555, like the tractor of the embodiment illustrated in Figure 5, is 
designed to transport the entire apparatus 650 axially within the wellbore 401 as the 
expansion tool 100 is rotating and the rollers 116 of the expansion tool are actuated 
and are in contact with tubular 435 therearound. Like the embodiment of Figure 6, the 
apparatus 650 is equipped with means to direct rotation to the tractor 555 and to the 
expansion tool 100 while preventing rotation of the housing 603. An anchor assembly 
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625 having rollers 630 disposed thereon is located at an upper end of the housing 603 
and operates in a fashion similar the one previously described with respect to Figure 6. 

[0032] Figure 8 is yet another embodiment of the invention and is similar to the 
embodiments illustrated in Figures 6 and 7 and the like components are numbered 
similarly. In the apparatus 700 of Figure 8, the tractor 555 is disposed on an upper end 
of housing 603. A tubular member 701 is disposed between the tractor and the 
housing and houses wireline 615 as well as a fluid path (not shown) between pump 
61 1 and tractor 555. In apparatus 700, the electric motor 605 includes a shaft (not 
shown) extending to the tractor 555 and pump 611 to provide fluid power to the 
expandable elements 556 of the tractor 555 as well as to the anchor assembly 625. 
Like the embodiment of Figure 7, the tractor is constructed and arranged to transport 
the entire apparatus 700 axially within the wellbore as the expansion tool 100 is 
rotating and the rollers 116 therearound are actuated to expand tubular 435 
therearound. 

[0033] Figure 9 is a section view illustrating one method of using an apparatus 500 of 
the present invention. Specifically, the section view of Figure 9 includes a vertical 
wellbore 750 having casing 752 therein and a lateral wellbore 760 which has been 
formed from the vertical wellbore. Typically, a vertical wellbore 750 is formed and 
thereafter, using some diverter like a whipstock (not shown), a window 753 is formed in 
the casing 752 of the vertical wellbore. Thereafter, a lateral borehole is drilled through 
the window 753. After the lateral wellbore 760 is formed, a string of tubuiars 754 is 
inserted through the window 753 to line and complete the lateral wellbore 760. 
Thereafter, using the apparatus 500 of the present invention, the tubular lining the 
wellbore can be expanded in diameter to seal and/or support the junction between the 
two wellbores 750, 760. In Figure 9, a first portion of the tubular 754 lining the lateral 
wellbore 760 has been selectively expanded into the window 753 between the vertical 
and lateral wellbores, while a lower portion of the tubular 754 remains at its initial, 
smaller diameter. 

[0034] In use, the apparatus 500 of the present invention is be lowered into the 
wellbore after the lateral wellbore 760 has been formed and a tubular 754 located 
therein. The expansion tool 100 of the present invention is actuated through the use of 
the mud motor 425 at some position within the tubular 754, preferably above the 
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window formed in the vertical wellbore casing 752. In order to increase the forward 
motion of the apparatus, a tractor (not shown) can be used in conjunction with the 
expansion tool 100. In this manner, the tubular is expanded above the window and as 
the actuated expansion tool 100 moves through the window 753, the tubular 754 is 
expanded into the window 753. The junction between the vertical wellbore 750 and the 
lateral wellbore 760 is in this manner substantially sealed and structurally supported. 
After tubular 754 is expanded, that portion of the tubular extending upwards from the 
window 753 towards the well surface can be remotely severed. The method can also 
be used in a "bottom-up" sequence wherein the tubular lining the horizontal wellbore is 
expanded from a first point upwards through the window. Alternatively, the apparatus 
may be used to selectively expand slotted liner in the area of a junction between a 
main and a lateral wellbore. Also, various material may be used between the interface 
of the expanded tubular and the window including material designed to effect and 
enhance a seal and to prevent axial and rotational movement between the outer 
surface of the expanded tubular and the window. 

[0035] While the methods and apparatus of the present invention have been described 
in relative to wellbores of hydrocarbon wells, the aspect of the invention can also be 
utilized in geothermal wells, water wells, and any other settings where strings of 
tubulars are utilized in a wellbore. 

[0036] While foregoing is directed to the preferred embodiment of the present 
invention, other and further embodiments of the invention may be devised without 
departing from the basic scope thereof, and the scope thereof is determined by the 
claims that follow. 
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